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| *  FOURTH QUARTERLY REPORT
" HEAT PIPE THERMIONIC CONVERTER DEVELOPMENT

- 1. . Introduction

This document constitutes the Fourth Quarterly Report of the

" 'work b‘eing performed under Thermo Electron's Contract No. 951465

with the Jet Prdpulsion Laboratory.

This report covers progress for the period 1 May to 17 July

'1967. During this period model T/E-3 has been fabricated and tested.

The model is a thermionic converter with a heat pipe structure, and it

has successfully met all the design requirements. It has been operated

- for 400 hours at full power, and it has been cycled in rapid start-up and

cool-down sequences for 12 times without failure.
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' 2. Fabrication of T/E-3

As mentione.d in the Monthly Report No.. '8, the fabrication of
modﬂe} AT/E-3 was undertaken using the radiator and collector heat pipe
‘..ﬁtrucfur’e used.as a back-up for T/E-2. " To. use this structure it was
necessary to dissassemble it in order to correct a faulty positioning of
the c_apiilary structure. The disassembly was carxied out by!grinding .

off the end cap of the heat pipe and pulling out the tight-fitting’ capillar}
structure. A new capillary was inserted, and a new end cap was welded
in pléce'. Th.:e capillary was made using a mandrel of slightly reduced
diameter to ensure a loose fitting of the capillary into the heat pipe.
After the end cap was welded in place,it was noticed that the heat of
welding had caused a very‘ minor reaction of the casting with the niobium
. in the vicinity of the weld. This reaction is-known to embrittle the
niobium, and it was therefore decided to carefully check the worthiness
‘ _ 6f the welded assembly. It was placed in a vacuum furnace and cycled

“abruptly four times to 900°C for a total of 18 hours, and the structure

was leak;tight after test. It was then accepted for assembly of T/E-3.

The assembly proceeded normally, and it included mounting a
rhemium emitter structure in order to make possible the fabrication of

L)
a complete converter heat pipe.

-

After complete fabrication, the heat éipe was outgassed overnight
with a resistance heater at 500°C while maintaining the sodium reservoir
at 350°C for 36 hours. The sodium was then transferred to the heat pipe,
and the heat pipe fill tube was pinc.hed off by electron bombardment.

" To proceed with the cesium charge, a cesium tubulation was
fuse-brazed to the cesium tube, and a leak was discovered in the wall

_of the tantalum tube. To solve this difficulty, a niobium tube was welded

.{_..
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‘ - over the tantalum tube so as to cover the leak, and this approach was
successful. The converter was then outgassed with a molybdemum foil
. around the radiator to maintain a high collector outgassing temperature.
The outgassing time was 15 hours at an emitter temperature of 1550°C
and a collector heat pipe temperature of 700°C. Cesium distillation
~ was then carried out by capsule heating to 200°C for four hours. The

completed assembly is shown in Figure 1.
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. 3. Test of T/E-3

Converter T/E-3 was instrumented with voltage taps on the

L

~ output leads at the point of attachment to the converter, two thermo-
couples on the cesium reservoir, and two spot-welded thermocouples
on the suppoi't flange, close to the heat pipe, so as to afford a meas-

urement of heat pipe temperature.

Testing of T/E-3 consisted of five runs. In the first run the
éteady-state output characteristics were measured at output voltages
of 1.2, 1.0, 0.8 and 0. 6 volts at emitter hohlraum temperatures of
1600, 1700 and 1800°C. The outputs observed were lower than observed
in the T-200 converter series, most likely because of the use of a nio-
bium collector, which has a notorious reputation for poor performance.
Also, the collector surface was not given the fire surface finishing used
. ' | ‘for the T-200 converters, and therefore the interelectrode spacing
. achieved was probably quite non-uniform. Typically the output froltage
of converter T/E-3 was 0. 2 volt lower than that of T~206 at any selected

output current and emitter temperature.

In the second run, the output characteristics at an emitter sur-
face te"mperature of 2000°K were obtained under dynamic testing, and
these are presented in Figure 2. The ch;racteristic_s, when compargd
v‘ritl;x those obtained with converter.T~206, confirm a voltage shift of 0.2

"wvolt in the optimum curve, and they also re.veal that T/E-3 optimized
at cesium reservoir temperatures about 10 degrees higher than T-206.
The higher optimum reservoir temperature is consistent with the as-
sumption that the lower performance is due to the use of a poor collec-

tor material.
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In the third run, the converter was run continuously at a hohlraum

‘temperature of 1700°C with a load adjusted for an output of 0. 6 volt at

52 amperes. The steady-state heat pipe temperature was 720°C. The

converter operated at this setting for 200 hours.

In the fourth run the converter was thermally cycled abruptly be-

tween near-room-temperature and operating temperature. The power

input for an output of 52 amperes at 17.00°C was turned on and off in-

stantaneously for 12 thermal cycles. Figure 3 shows a typical tempera-

ture recording which was obtained during the eighth cycle. Also, in

the interval between the fifth and sixth cycles, the converter was run

for an additional 200 hours at steady-state and high current output.

The fifth run was conducted to determine the effect of the voltage

tap location on the performance measured. The voltage tap on the

emitter terminal was shifted to a more advantageous location, as illus-

_ frated in data sheet No. 7, but no effect was _observed.

=5



7810

"

| creee Mo, 8

=

NN ONIC® W OND §ORAD e g

Figure 3




THERMO ELECTRON

L

Ehe i NETER N cCorrPORATI ON

- 4, " Conclusions

The heat pipe model T/E-3 demonstrated for the first time the

- operation of a SET-type converter with a collector radiator heat pipe.

All JPL requirements were met without failure of the model.

One of the most interesting results is presented in Flgure 4,
which compares the dynamic and static performance obtained with the
model. With the previous converters, this comparison always shows
agreement at low ﬁutput currents, but at higher currents the static data
falls far below the dynamic data because the collector-radiator structure
cannot handle the larger heat transfer, and the collector overheats.

The heat pipe of T/E-3 was designed to avoid this limitation, and Figure
4 shows that the static data remains in agreement with the dynamic

data at all values of output current.

‘During the next quarter, the final model T/E-4 will be fabri-

: cated and tested. The model will have a larger heat pipe diameter in

order to provide optimized operation at output currents as high as 80

amperes.
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Converter No. T/E -3

ENGCINEERING

THERMO ELECTRON

Ca R PO RATION

Sheeot / of 7

.Observer ﬂﬁ»’o Sernn

(5 SHUT Doww OVERNIGHT

Run No.__|
VARIABLE | 2 3 4 5 6 7 8 2 10
Date 62T 61V gL (i [6-2> [ £-13 | 6-23 | 6-13 | G-23
Time 1543 16:10 163711708 |16:10 | 16:28]16,49117:/3 | 17:38
Elapsed Time, Hours 1.3 | 1.7 2.1 | 2.8 |4.0 4.3 1 47 |53 |55
To +°C 1585 | 158¢ IS3C 1S3 | /682 |168L (1682 | joge | /682 |
To Corrected, °C A | 590|190 I1SG0 | 1S90 | 1688 [1683 | 1688 | 1683 | 1623
ATgeli Jar, °C M) o] lo!| lo| 1o lz | | | o] oz
Th °C 1600 | 1600 | |4oo| lboo | 1Too | 1Too| 1Too| 1Too | 1Tes [
AT, <c N ARARANGNEREANRINAED
Tg +°K 1861{ 186218611863 | 1962|1961 1955 |195¢ | 1951
Vo 1 volts () | 1495 {).008 | 800 | 601 |lboo |1.190 10.997]0.900 | 0.558
Iy, amps 39 | 53 |09 [307 | 49 | 7.6 | /4.6 | 284 49.9
Pg ywatts
I-V Trace No. . (5) .
mv | J2.6 | 12.9113.2 /43| 13.2 [ 13.3[ 137 |/4.€| 154
Tr | ¢ | 305 3/7| 324 350 | 324 | 32¢| 33¢ | 357 | 37¢
°K S92 | £90 | $97 | ¢23 | 5G7 | 595 | €09 | 628 | 649
: _ mv | /631229 (23.926.9 | 244 24.9| 2.0 | 27.9 | 30.1
To Hea Pipe °c | 398|553 |576 | 647 | €88 | ¢oo | c2c | e/ | 723
°kK | €7 | 826849920 |86/ | 373|899 |944|99¢
mv
TC base inner oc
. mv
TC .base outer °c
TB-_,:_._‘ mv \J
Radiatar s |
V,y, s volts 986 | 285 | 983 | 975 | 983 |98) | 978 |97t | 964
I,.mA 197.51201.0|2149 | 277.7]| 240.1 | 248.1 |271.S |3:2.9 | 3814
Eilamentsvolrs 4.8 |48 |48 149 [ 4.¢ 147 | 4.8 |50 |52
I lament®0MPS 22 |22 | a2v |23 | 21 22 | 2z - |23 | 24
ICoII.Heczter"m"’:'s - - — — — _ - — —_
IRes.Hecter"’mps 2.1 12191219 1229 | 2.4 2.1 | 2.20|2.24(2.17
Vacuum, 10”8 mmHg 52|44 | 4.4 |48 |3.0 |31 |3.2 |40 |38
Measured Efficiency, % ,
NOTES. ()) AT = jo+0.251
@) VoLTAGE TAPS AT LEAD ATTACHMEMT POINTS . .
3) PYRomeral CoRRzcTionms (cAcr3. 5-]7)+5°C @lboo C +6 c @ i700°C
“) BeLe JAR CoORRECTioms + [O°C D l&oo'cJ +12°¢ @ 1700 °C .

S ]
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Converter No. _ 1 /E =3 Run No. £ 2 Obsarver f 0,)2"‘0%
| VARIABLE I 2 3 4 5 6 7 8 9 10
Date 6-26|6-26 [ 626 [ 6-16 |26 | 6-26 | 626 | C-20 | ¢-26 | €2
Time () | 1S:20| 18330 [ISi40| 16i0) | 16328 | 17:20 1 17:32 1 17:38 ) 1744 | 1T:SL
Elapsed Time, Hours 1.6 | 1.8 | it.0o] 123 | 2.9 13'_.6 133 | 139 140 | 141
Yo °¢ 1779 1 /682 |1T720 | 1721 | T2 | 723 | )725
To Corrected, °C 1786 — /688 (1726 | 1707 {1728 | 1719 | 1731
ATgen Jar, °C 14 /2 12| 1t | o | v
Ty °C 1800 ~ 1700 | 1738 | 1739 |I740 | 1741 |1743
AT, oc 121 g4l 7| 22| 22| u| | 13| 14 16
Te +°K 206]|2059205¢|2081 1951 | 2000 2000|2000 |2000 |2000
Vo volts l.400| /.200| /[.000| O.800|0.G00, — - - - -
Iy, amps Q | 159|280 461 504 4 | 8 | Ut 13 | 25
Pg ,watts )
I-V Trace No. 1 2 3 4 iy
mv | 138 1/4.41|/49 | iS5 1is3 | o |18 |1eeli3.¢|143
TR °c 1339 | 353 |3¢4|379 | 374 | 271 | 290 | 309 | 329 | 350
°K | ¢/ | €26 (€37 |65 | 647 | S44 | 5¢3 | 82| oL |¢23
_ mv |26.6 | 27.€ 1 28.9 | 30.9 | 30.2 | 24.2 | 249 | 2§.9| 2¢.5 | 23.6
T | °C | Gdo | 66l | 694 | 742 | 7oC | $83| oo | ¢23 | ¢47 | 687
°K | 9/3 1934 |9¢7 (/0,5 998 | 8§¢ {873 | 8546 | 920 {Fé6o
mv
TC base inner_ oc
TC base outer i
°C
]
TRadiafor‘ ::
V,p,volts 971 {968 |964 | 937 | 962 |979 | 978 | 97 | 97T | 968
Lep mA 3069 1330.3| 370.£{433.0| 380.0| 2354 | 2440 270.8| 2%0.2{ 3317
EFilament Volts S0 Lo |5 | 6.3 |5 | 47 |47 | 4.8 4.9 | 50
Ieilgment» 9MPS 23 |23 [23 |24 |24 |22 | 22 | 22 | 22 | 23
Leoi Heater?3MPS h— - —_ — - — R — —
IRes. Heater 19MPS 2.2/ jzav || 226223 | 0.5 | — | LT | 1.8 |2.%6
Vacuum, 10" mmHg 2.8 | 2.8 3.0 | 48 |40 | 2.6 |2.¢ |26 | 2.6 2.6
Measured Efficiency, % '
TS Tty o T ™ wvou. usse mor 1o Gu 7a o.cv.® I800%C
COMPARE \wiTw TDATA (oINT SHEET | £ 9
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(2) PYRomecTer READnES oN HEAT
AFFECTED BY BACKGROUND LIGHTING v LA,

PIPE, Torr To  BoTToM . READINGS

T/ THERMO ELECTROMN.  sheet 3 o 7
Con ENGINEERING CORPORATION
- Converter No. _T/£ =3 Run No.__Z- %3 Observer . &OS"“'Y‘
VARIABLE ] 2 3 4 5 6 7 8 9 10

Date C-W 1 6-26 |6-27 {6-17 |6-11 [6-29 |6-28 | 6-18 |6-219 | 6-30
Time 17:585 (18110 [ 11:43 [[3:34 | IT:30 [ 10:02 {1280 |[4.46 | §:3% | T4y
Elapsed Time, Hours I3 | M4 |32.0{33.9 | 37.8 | 54.3 | 571 |59.4 | 779 |lo2.0
T ¢ 72 1633 | 1673|1683 | /680 | 1633 | 1684 |I680 | 1683 | 1692
To Corrected, °C 3y | 1688 | 1673688 1685 | 1683 | 1685 (1635 | 1683 | 16938
ATselt gar, °C 't H 1l n 1 ll ] ] ll l
T, oC 1744 | 1699 | 1689 | 169 | 1696 | 1699 | 1700 | 169¢ | 1699 | 1709
ATg, c 7 | 23| 23| 23| 23| 23| 23] 23| 23] 23
Te oK 2000 [ 1949 (1939 | 1949 |194¢ | 1949 1950 | 194¢ | 1949 195§
Vo s volts — [ 0.600|0.538 |0.¢00 |0.§99 |0.598 |0.§98 | 0.599 |0.60) |0.603
I, amps 30 | 509|519 s12] s16| 5856|519 | 13| 5.9 58
Py »watts
1-V Trace No. 6

mv | IST | IS0 |53 LS LIS (163 IS | s Liso | IS
TR °c | 372 | 3¢7 (374|369 |369 |374 |372 | 369|367 372

ok | €45 | 640 ¢47 (641 | 641 | 64T | ¢4S |c4rL | 4o |64S

mv | 297 {30 [229 [30.0|30.2 |30.0 3o.a’2q.¢} 29.9 129.9
T ¢ |69 | 723 |18 |72y |72C |72 |70 |8 | 18 {3
' « 19¢3 |99¢ {98/ | 994 | 998 (994 |ag¢ (981 | 981 | 9%
T mv -l 760
C base inner oc
T : mv Q)
C base outer .

¥

TRadicLor :Z I
Vep rvolts 967 {962 | 961 | 96 | 962 |95F |90 |96o | 961 |96t
Lep,mA 34£.0(3829(379.913%1.2 | 330.3| 3804 |381.% | 320.0 [38).4 3823
Eilamentrvolts So | S 152 |SL |§.2 2| Sv s | &2 |52
IFiIament'amps 23 23 123 23 | 23 23 3 23 e3 23
IColl‘Hecner'cmws - - —_ — — — — —_ —_ —
L Res. Heater 19MPS 242|207 | 2407 |27 (2.6 |27 207 |28 {2.18 | 2.1
Vacuum,107® mmHg 28 129 |2.6|2s 2.0 2.4 |2.4 |23 |2.3[23
Measured Efficiency, %
NOTES., (1)) LEFT To Rumn  OVERWIGHT
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Converter No. T/E -3 Run No. =3 s' 4 Observerﬁ &35"""‘?‘
VARIABLE | 2 3 4q 5 6 7 8 9 e
Date 7-2 |7-5 |75 [7.¢ |75 |9 [ 7€ [75 [7.¢
Time [0:5G19:87 [lon {1213 [12:30 [ 12:40 | 13:56 |42 | 14212
Elapsed Time, Hours /1.3 122222218 |214.C |224.8 |225.0 | 226.2(226.5 | 226.7
T ¢ 1693 {1¢79 | — — 11679 | — — {16718 | —
To Corrected, °C 1699 11685 | — - 1685 | — - e84 | —
ATsell dar, °C I I\ - - 1l - - ] -
Ty °C 1Tie | 1696 | - - {169 | - | - [1695| -
ATe ¢ 23| 23| — - 23 | — - 23 | -
Te K 1960 (1946 | - | = |I9% | — | — [1945 | —
Vo s volts 0.607 | 0.601] — - j0.6ol | — - 10594 —
I,,amps 5231522 — - 524 — — J.9 -
Py ,watts
I-V Trace No. O @ | ) (4) | (5) )
mv | 14.9 |IS.0 8.9 | /4.8 29 | 149
TR °C |3¢4 | 3¢y 219 | 362 219 | 364
°K | 637 |é4o 4871 | 43S 43L | €37
. _ mv | 29.4 |30.0 1.9 |29.9 2.1 |29.9
T °¢ 706 |721 49 | 118 T | 9¢8
' k 1979 |69¢ a0 | 99/ 325 | 99,
T . mv CycLle #] cycre 2
C bass inner oc
mv
TC: base outer oc
mv h
TRcdicfor -~
* °C
V,, .volts 970 {970 1040 | 969 lo4o |99
Lep mA 384.0|3780 o (3789 o {3%.0
EFilament VoIt $1 | s 0 S.o 0 S.o
Leilament 0MPS 23 22 o 22 o 22
Lcoit Heater 8PS — - — - ~ -
Ies. Heater 10MPS 219 |247 |2.47 (2.7 [ 207 | 2447 | 2.7 | 247 | 2.7
Vacuum, 10”% mmHg 2.2 (2.0 2.0 2.0 ’ 19 {1.8
Measured Efficiency, %

NOTES. (1) END oF 200 Houks STEADY STATE.
@) SHUT OFF E3 BomBARDMENT CYCLE #1 RESERVOIR HERTER

LeFTr opn. -
(3 TURNED  Powwz o onr To Frii BoMBARIMENT T --a./‘74o c
4) sHuTt OoFF, CYcce #2.
(S) same as wore (3).

() Swur OFF cvere £3.
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Converter No. T/E -3 RunNo._ 4 Observer, ﬂ St
VARIABLE 2 3 4 5 6 7 8 9 10

Date |7-€ {75 {70 |76 |T-¢ |7-6|7-¢ | 7-6 |7-¢ |T7-14
Time /€331 IS IS S oo 1028 [ 10:33 {10 11:35 | 11:43 | Jo:<S
Elapsed Time, Hours 227.8{218.0]218.2124¢ 4124¢.9 | 2469 1247.6 | 247.9 | 24%.0 439.2
To +°C — 1691 |/688 | — 11683 | 1e81 | — (/698 | 16901633
To Corrected, °C — 169711694 | — 1689 | /637 | — 1694 | 1696 1664
ATgeit gor, °C —_ I i — 1 1|~ I " 1
Th °C — 708 |1ToS | — {1700 (1698 | = | 1706 | 1707 | 1708
AR — | 23 3| — | 23| 23| ~ 23| 23| 23
Te K — 11953 | 1965 — | 1950 | 1948 — | 1955|1957 |145S
Vo, volts — |0.59]|0600| o [0.60T{0.6c9| 0 |0.596]0.5950.593
Iy, amps — |50.4}1 59| o | Jl9| 519 Slo| 3Ll | SoS
Po s watts
I-V Trace No. ) (2) (3) (4) | (5) (¢)

mv | 8.9 | /4.9 |itq Qo | 149|149 | 2.V [14.9 |14.9 |14.9
TR oc | 219 [3¢4 |364 | 222 | 3¢4 | 3c4 | ¢z |64 | 34 |304

°k | 482 |37 |¢37 (495 | ¢37 | €37 | 335 1437 [ €37 [¢37

mv 2.3 |299|299 | 1.9 |299 |299 | 2.9 |299 | 29.9 | 295
Tc °C ST | 718 | 748 | 47 |3 748 {71 |72/8 [ 748 | 706

°K | 330 (9491 | 991 | 320 |991 | 991 |344 | 991 | 99/ |98
T ‘ mv |Creeg #£3 CYeLEg #4 creeg 4§
C bases inner oc

myv
TC base outer o

K
TRodictor T.\.'
N *C . .

Vep + volts lodo | 969 | 969 |1035 | 9¢€ | @el | 103 | 96C | 965 | G464
Iap.mA 0 (3814|331 © |378.9|3787| o |380.2|3809% |33l.6
Eilament»volts O |So S0 | O S0 | G0 © |So | S0 | St
Leilament» @MPS o (22 v | © 2T |2 O | 2v |22 |22
IColl.}-lem'er'm"ps - - - |~ - - - - - — _
IRes. Heater 19MPS 247 | 2.1612.47 2.9 |2.20 |27 | "0 |27 | 27207 |-
Vacuum, 10°8 mmHg 1.8 1 1.8 j2.2 | 2.o|zo 2.0 |20 | 240 | (9
Measured Efficiency, %

NOTES., (1) TuRNED Fore
(2) Power oOFF

POWER ON

(3) FouL Powz R Turmned oN
@) PowER oFfF (faserVoik HEATER
(§) Powexr ONII ReselvorR oy
(§) LeFT vmiT 7o KLuw IN STERDY STATE AT Twis

OUTPIVT AT EriD OF

oFF

SETTING

1o run: 0,58v A8.94.
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PoweR OFF FoR NExT cvyelLa
(2) Powza ow
(3) fowad oFF

(4) lowerk o T, T T¢ RceoRDER

LEAD opN
(5) Pover oFF Res. 1 conV.

)AL Powepr opN
(7) fewEa. oF= Fol

32 ia/bv chowt S-ced

Converter No. _ T /E =3 RunNo,__4 Observer__{/ VngS*ﬁv—
VARIABLE | 2 3 4 5 6 7 8 9 10
Date T-14 | T-14 [ 9-14 | Tt |T-14 | 7-14 T-16 | 7-16
Time 13409 Vi 3| 14:50 | 1S5 | 16:S0 | 17243 16:18 | l6:ur
Elapsed Time, Hours 441.¢1442.8|443.1 | 443.5| 4451 | 445< 492.6|493.0
T +°C 1683 | — 1683 | /631 — |68 - |78
To Corrected, °C 1639 — 1689 1633} — |163C — 1634
ATgell gar, °C ny — 7] L ] - "
Ty ¢ 1700 — |i700 | 1649.| — |1697 — |1ea¢
AT, <c 23] — | 23| 23] — | 23 — |
Tg K 1950 — 1950 {1945 — |1947 — | 194¢
Vo volts 0.§97| © |0895|0.60l| © |0.beo| | © |0.602
1 Ig,amps Sl o {1.9 ]| 520} © 51.¢ 51.1
Po ywotts
1-V Troce No. N— | (2) €)] (4 (5) | (e) (7
mv |/4.4 ] 8.2 |43 |44 |78 | 143 T, | 14.4
TR °¢C | 353 | 2oz | 350 | 3€3 | /92 | 3F%0 3€3
°K 6L6 | 475 | €23 | 626 | 44F | <23 26
. mv 129.C} 2.3 [29.§ |29.6| 2.3 {295 eT, |295
T °C | 709 | $p | 709 |70 | 7| 709 709
' K | 682 | 330 | 982 | 84| 332 482 582
T ] my cyeLEs %6 CYedz £7 cYcla #8
C base inner oc
TC base outer ‘ =
°C
¥
TRodictor T,\.’
€ %
V,, volts q¢S (1040 | 968 | 968 |lo4o | 948 lo42 | 964
Ip mA _ 383.0| © |3m.3|3%23| o |33L.% 0 |3%1.3
Erilament vo!ts S o |1 S| o | 3 o | &1
Ir"ilcn'nent’omps 21 o 2] 2/ o] 21 o) 21
Lol Heater 9™PS - — - = - - - -
IRes.Hecfer'°mpS 2.002.c0 2.0t {2.0212.0]|2.00 0 2.0l
Vacuum,10”% mmHg 1.8 | 1.9 1.9 {9 1.9 1.9 2.0 | 2.
Measured Efficiency, %
NOTES. (I] OPTitupr RESERVOR PRESSURE APPEARS To MHAVE DECREASED,

35 minv (DARK (ERI0D PF &ARTH oR2iT) Qaseavo R oM,




“Y7) THERRMO SLECTRON sheet L ___of I

(:;}":1;7 TR C, o .R R Rv.Av_.rA,'.o N__ C—
Converter No. __1/E =3 RunNo.“'f' é 5 Observer : &Laﬁw
VARIABLE - v e |3 ] e ] s e [ 7 | s s | 10
’ Date 7-16 \T-16 [ 7-17 {717 | 7-07 | -7 |9-17 [1-47 |7-/8
5 Time Toto | 1740 okl [He | 1:$C [13:01 4100 | 430 | 13100
Elapsed Time, Hours 493.6 | 494.0 |80 | S1-3 | $12.2| $13.4 {5143 {5143 | §16.6
; To +°C — |le16 | — 1618 | — |64 | — |l67+ (1634
.-; . To Corrected, °C — {1682 — /684 | — |12 | — [J6do |/€90
; ATgen Jar, °C — " — |- n - h I
Ty oC T {1693 — | 1698 - {tear | — |1ear H1Tey
AV — 23 | — 23| — 23 | —~ 23 | 23
T oK — {943 — VRS T N94r ] T 9w | 194
| Vy . volts © |0bool 0 |06Il| DO |0608]| 0 |0.604]|0.600
I,,amps ) (o) 519 | o JIG | o J1.9| o si1g9 | 1.9
Pg 1 watts . .
I-V Troce No. u) Q@ |6 | & () | () () | (8
mv | 8.5 |3 L6 |3 |2.s |14l 2.4 i€ | 14.9
TR | °C | 20| 350 | 40 |-380 | ¢2 |3S$ | ST |35¢ | 364
‘ °K 432 | 623 |33 | ¢23 | 335 | 629 | &30 |¢2s | 637
. | mv 134 (285 | 2 |29C|30 |299 |29 |29.C | 29.9
. Tc ' °C 93 | 63| 3 | 709 | M Mg | U 709 | 18
‘ ‘ ok |356 | 958 | 303 | 981 | 346 | 99/ | 244 | 932 | g9
| T mv Cveeé #9 | everE 4o cyelsE #yy | crede &/?1'
C base inner oc
TC base outer =
°C
¥
TRcdicto.r =
: °C
Vepsvolts | lo4r [ 968 [1035 | 963 [103C | 963 [103S | 963 | 9es
L. mA O |3%4 o [38.!| o |37729] o |377.3] 33i.0
Eilament vo!ts © |fo |0 [fel o |gfio]| 0 |fo |2
LeiiamentaMPS 0 J2o| 0 205 © |20(| 0 |25 {210
Leoil Heaterta™PS - - - — - — - | T —
Ipes. Heater 18™MPS 2.02:{ 20| © 20l 0o |z.o1| 0 201 ]20C
Vocuum,lO’GmmHg 2.0 | 2. 2.1 24 (2.0 2.0 2.0l 2.0 4.0
Measured Efficiency, %
. NOTES., (1) PowcR ©ON. RESERXVIR VoLTAGE AT Pow€R  surPPLY =095 voor vour
o - s i
(4) A OFF ( e FeANCE
¢5H « on. 8
o | ‘("U) ‘: " %:’F- - CURRECT VoLTAGE TAP CONNELSTISN
@ - ’ oFF Ef,,‘,—: ) ;,r{{»}ooga?v;fﬂ T;F ;zz;r.

— s



